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Abstract 
This paper presents a silicon micromachined filter for micro- and nanoparticles. The filter is vertical and completely 
buried beneath the surface. The buried aspect allows additional features to be integrated above the filter, while the 
vertical aspect allows the creation of highly uniform pores and efficient use of die area. The filter is composed out of 
a porous membrane released together with the microchannels by isotropically etching the surrounding silicon. Fluidic 
experiments have confirmed the filtration functionality of fabricated devices using operating pressures up to 400kPa. 
Moreover, by using a reversed fluid flow, cleansing of the cake layer build-up on the porous membrane is attained. 
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1.Introduction 
Size-based particle separation, or simply “filters”, is a well-known research topic in micro-fluidics. 
Several solutions have been developed for integrating filters on-chip. For example, porous membranes for 
high throughput filtration have been micromachined by patterning and etching pores onto a substrate [1]. 
Filters can also be adapted in polymer cantilevers to enable on-chip collection and off-chip sensing of 
micro-particles [2]. Size-based sorting of particles can be achieved by driving a micro-filter with time-
sequential flows [3]. However, micromachined filters often consume a significant amount of area which 
limits the option of integrating additional features on the same die. Furthermore, accuracy is limited for 
the separation of sub-micron particles, because it is rather challenging to uniformly micromachine pores 
of such small dimensions. Recently, we have presented two types of vertical membrane filters that 
address these shortcomings [4, 5]. In this paper we present a new design which further builds on our 
concept of vertical filters, addressing the issues of area consumption and pore size uniformity. 
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Fig. 1. Conceptual CAD drawing of the buried vertical filter: (a) Corner view showing the silicon pillars, nitride 
beams and nitride surface layer. (b) Side view showing the slit-shaped pores. (c) Top view showing an integrated 
flow sensor on top of the filter and access slots sealed by dry film resist. 
2.Design Concept  
A novel design of a silicon micromachined filter is presented here (Fig. 1). The filter function is 
implemented by a vertical porous membrane with microchannels alongside. The porous membrane itself 
is an interdigitated structure composed out of silicon (Si) pillars and silicon nitride (SiN) beams. These 
pillars and beams are accurately spaced by slit-shaped pores. The filter is completely buried below a flat 
SiN surface layer on which additional features, such as actuation or sensing elements, can be integrated. 
The nitride layer is perforated with access slots for the release of the underlying porous membrane during 
fabrication. These access slots are sealed by dry film resist (DFR). 
 
Thermal oxidation creates highly uniform, conformal and tunable oxide layers. These properties are 
quite advantageous for the filter design as its pores are pre-defined by layers of thermally oxidized silicon 
dioxide (SiO2). Pores released from thermal SiO2 are uniform and can be purposely varied from tens of 
nanometers to 1-2 micrometers by simply altering the oxidation parameters. This allows for both a steep 
and variable particle cut-off diameter without the necessity of a customized photolithography process.  
 
The filter is vertical and the work plane of the porous membrane is perpendicular to the surface. This 
minimizes the footprint even when the work plane is enlarged into the substrate to accommodate a higher 
throughput. Moreover, instead of having to face an unusable surface, the buried aspect of the design 
allows for the integration of subsystems and additional features above the vertical filter, like actuators to 
extend the device interaction capabilities or sensors for in-situ detection of filtration fluid parameters. 
Fabrication process 
The filter is fabricated on a 4 inch <100> single crystalline Si wafer. Two layers, 500nm low stress 
SiN and 2μm SiO2, are deposited by means of low pressure and plasma enhanced chemical vapor 
deposition (LPCVD, PECVD), respectively. The nitride layer prevents the surface from oxidizing and the 
oxide layer acts as a hard mask against the upcoming deep reactive ion etch (DRIE) process. (Fig. 2a) 
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A row of 3μm by 20μm rectangles are patterned in the aforementioned layers and 100μm deep molds 
are made by etching these patterns with a Bosch-based DRIE process. The wafer is thermally oxidized to 
grow SiO2 inside the molds for defining the slit-shaped pores. The oxide thickness is chosen according to 
the desired pore size. LPCVD is then used to cast SiN in the molds which finalize the nitride beams. 
Additional features can be integrated after the casting process as the surface is highly planar and will 
remain essentially intact. (Fig. 2b-d) 
 
Access slots are patterned in a 2μm PECVD SiO2 mask and etched 80μm into the substrate using 
DRIE. SF6 plasma is then used to penetrate the surface through the access slots and etch the underlying 
Si. This isotropic etch creates the microchannels, releases the membrane and allows physical access to the 
thermal SiO2 layers. Subsequently, the SiO2 layers are removed by buffered hydrofluoric acid (BHF) for 
the release of the slit-shaped pores. A device that has gone through all these process steps (Fig. 2e-g) is 
shown in Fig. 3. 
 
The operating pressure of the filter is greatly dependent on the quality of the seal. Sealing the access 
slots with simply dry film resist only allows an operating pressure up to 50kPa. This value can be 
significantly improved by sticking a glass wafer on top of the DFR seal while using SU-8 as adhesive. 
With this improved sealing method, operating pressures up to 400kPa can be sustained for long periods 
(>1hr) without signs of damage to the seal or the filter. (Fig. 2h) 
 
 
Fig. 2. Schematic view of the fabrication process of the buried vertical filter: 
(a-d) Definition of slit-shaped pores and SiN beams. (e-g) Release of 
membrane, microchannels and pores. (h) Sealing of the filter. 
Fig. 3. SEM images of a 500nm pore sized filter: (a) 
Top view of the buried filter. (b) Close-up view of 
500nm slit-shaped pores. 
1196  S.J. Li et al. / Procedia Engineering 25 (2011) 1193 – 1196
 
 
Fig. 4. Fluidic experiment with 2μm fluorescence polystyrene beads. The fluid flow directions are indicated by arrows. (a) Normal 
microscope view. (b/c) Fluorescence microscope views at incrementing times showing the 1st cycle of filtration. (d) Fluid flow is 
reversed to clean the membrane. (e/f) Fluorescence microscope views at incrementing times showing the 2nd cycle of filtration. 
3.Experiment results 
Fluidic experiments were carried out to validate the functionality and performance of the buried 
vertical filter. For easier access to the inlet and outlet (Fig. 4a), the devices under test were mounted in a 
custom-made holder with polymer tubing. Fluids were supplied by a syringe pump via the tubing to the 
device’s microchannels. In addition, a gauge was present in the experimental setup for pressure 
measurements. 
Preliminary tests using demineralized water and a single 360μm long porous membrane with 500nm 
pores showed a volumetric flow rate of 1μl/min at 275kPa. A backflow experiment was conducted using 
2μm polystyrene beads and observed through a fluorescence microscope. This experiment confirmed the 
filter function and demonstrated the ability to self-clean. (Fig. 4b-f)   
Acknowledgements 
We would like to thank the DIMES clean room staff for their help with the device fabrication and the 
Electronic Instrumentation Laboratory for providing the equipment for the fluidic tests. This work is 
funded by MicroNed (SMACT 2-D). 
References 
[1] Kuiper S, de Boer M, van Rijn CJM, Nijdam W, Krijnen GJM and Elwenspoek MC, Wet and dry etching techniques for the 
release of sub-micron perforated membranes, J. Micromech. and Microeng. 10; 2000, p. 171–174. 
[2] Noeth N, Keller S, Fetz S, Geschke O, Boisen A, Micro-Particle Filter made in SU-8 For Biomedical Applications, Proc. 
Transducers 2009; 2009, p. 2034–2037. 
[3] Tan X, Yoon HJ, Granneman J, Moore HP, Cheng MMC, A High-Throughput Microfluidic Chip for Size Sorting of Cells, 
Proc. MEMS 2011; 2011, p. 1075–1078. 
[4] Shen C, Pham HTM, Sarro PM, A Multifunctional Vertical Microsieve for Micro and Nano Particles Separation, Proc. 
MEMS 2009; 2009, p. 383–386. 
[5] Shen C, Pham HTM, Sarro PM, Nano Particle Filtration Module for Lab-on-a-Chip Devices, Proc. MEMS 2010; 2010, p. 
1067–1070. 
